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SPECIFICATION

[TITLE OF THE INVENTION]

End structure of optical fiber and method for manufacturing

the same

[Abstract]

[Object] To provide an end structure of an optical fiber that

can be easily machined and that can be stably and highly

efficiently connected to another optical component.

[Structure] An end face of a core 11 of an optical fiber 10

is inward from an end face of a clad 13 of the optical fiber

10, and the shape of the end face of the core 11 is formed in

a convex shape so as not to project from the end face of the
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clad 13. Accordingly, the spot size of light emitted from the

optical fiber 10 can be made to be small and have a high degree

of coupling efficiency with respect to another optical

component. Further, since the end face of the core 11 is inward

from the end face of the clad 13, no damage to the end face

of the core 11 occurs.

[WHAT IS CLAIMED IS;]

[Claim 1] An end structure of an optical fiber, wherein an

end face of a core of an optical fiber that is connected to

another optical component is inward from an end face of a clad

of the -optical fiber, and a shape of the end face of the core

or a surface 'shape of a lens member that is attached to the

end face of the core is formed in a convex shape so as not to

project from the end face of the clad.

[Claim 2] An end structure-of an optical fiber, wherein a core

diameter of an end of an optical fiber that is connected to

another optical component is enlarged, and a lens means is

attached directly to an end face of the core whose core diameter

has been enlarged.

[Claim 3] An end structure of an optical fiber, wherein a core

is exposed by a predetermined length by removing a clad of an

end of an optical fiber that is connected to another optical

component, and resin having a desired refractive index smaller
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than a refractive index of the clad is molded onto the periphery

of the. core that has been exposed.

[Claim 4] A method for manufacturing an end of an optical fiber

comprising; a step of exposing a core by a predetermined length

by removing a clad of the end of the optical fiber that" is

connected to another optical component by meanjs of etching,

a step of molding resin having a desired refractive index

smaller than a refractive index of the clad onto the periphery

of the core that has been exposed, and a step of grinding an

end face of the core together with- the resin.

[DETAILED DESCRIPTION OF THE INVENTION]

[0001]

[Field of the Invention] The present invention relates. to an

end structure of an optical fiber suitable for connection to

an optical waveguide or other optical fibers and relates to

a manufacturing method thereof.

[0002]

[Prior Arts] Conventionally, connection loss occurs when an

optical fiber is -connected to an optical waveguide or another

optical fiber. In single-mode fiber, the most significant cause

that leads to this connection loss lies in a mismatch in mode

field diameters therebetween. Therefore, the most effective

means for connecting them together at high efficiency is to
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match the mode field diameter of one of them with the other

one. The following three methods can be mentioned as the method

for doing so. Herein/ a description is given of a case in which

a connection is made between an optical fiber and an optical-

waveguide.

[0003] ©Method for designing the structure of a connection

end of an optical waveguide device so as to match the mode field

diameter of an optical waveguide with the mode field diameter

of an optical fiber.

[0004] For example, there is a method for structuring the end

face of an optical waveguide so as to have a lens effect and

allowing a beam from an optical fiber wider than the optical

waveguide to be made incident on a core part of the optical

waveguide by condensing the beam.

[0005] Additionally, there exists a method for connecting an

auxiliary waveguide to a core part of an optical waveguide,

then allowing all incident light from an optical fiber to be

made incident on 'the auxiliary waveguide,
1

and lastly

propagating light to the core of the optical waveguide by use

of distributed coupling (e.g., Japanese Unexamined Patent

Publication No. Sho-55-2262, Japanese Unexamined Patent

Publication No. Sho-60-172001, and Japanese Examined Patent

Application Publication No. Sho-61-48695)'

.
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[0006] (2) Method for designing the structure of a connection

end of an optical fiber so as to match the mode field diameter

of the optical fiber with the mode field diameter of an optical

waveguide device. r

[0007] For example, there is a method for improving the coupling

efficiency of both by bringing the core shape of an end of an

optical fiber close to the shape of a core part of an optical

waveguide such that the fore end of the optical fiber is made

spherical or such that the core shape in the vicinity of the

end of the optical fiber is thinned or deformed (for example,

made elliptic) (e.g., Japanese Unexamined Patent Publication

No. Sho-57-100409, Japanese Unexamined Patent Publication No

.

Sho-57-30811, and Japanese Unexamined Patent Publication No.

Sho-60-88909) ."

[0008] There is another method for improving the coupling

efficiency with an optical waveguide by increasing the

difference .in the comparative refractive index between a clad

and a core of an end of an optical fiber so as to reduce a spot

size. -

[0009] (3) Method for interposing a mode-field converting

element, by which the mode field diameter of an optical fiber

is caused to coincide with that of an optical waveguide device,

between- the optical fiber and the optical waveguide device
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(e.g., Japanese Unexamined Patent Publication No. Sho-60-

164708)

.

[0010] On the other hand, as another factor that causes

connection loss, there exists a loss that is caused by end-face

reflection resulting from a difference in the refractive index'

between an optical fiber and an optical waveguide, without

being limited to a single mode or a multimode.

[0011] A method for coating the end face of an optical fiber

or the end face of an optical waveguide with an antireflection

film is employed as a means for preventing this reflection loss

(e.g., Japanese Unexamined Patent Publication No. Sho-57-

10409 and Japanese Unexamined Patent Publication No. Sho-

60-164708)

[0012] .

[Themes to be Solved by the Invention] However, the

aforementioned . conventional techniques have the following

problems. In the conventional technique ®, a'microfabrication

technique is required onto a board of the optical waveguide,

which must be performed with high accuracy.

[0013] For example, when an auxiliary waveguide is connected

to the optical waveguide by distributed coupling, the rate

(percentage of coupling) at which the power of light admitted

to the auxiliary waveguide from the optical fiber shifts to



the optical waveguide periodically changes with respect to a

connected distance between the optical waveguide and the

auxiliary waveguide. Therefore, great coupling efficiency

cannot be obtained if a connected length therebetween is not

determined accurately according to the design.

[0014] In the conventional technique (2) , it is not easy to

machine an optical fiber with high accuracy. In addition

thereto, when the optical fiber whose tip is spherically shaped

is fixed to the end face of an optical waveguide, its fixing

method is not as easy as a method for fixing an ordinary optical

fiber to an optical waveguide (i.e., a method for butting an

ordinary optical fiber directly against an optical waveguide

and fixing them together with an adhesive)

.

[0015] Likewise, in the conventional technique ®, accuracy

is required to design a mode field converting element itself,

and, unless its accuracy is precisely created, excellent

coupling efficiency cannot be obtained. Additionally, the

number of faces to be connected reaches two, i.e., a place

between the optical fiber and the mode field converting element

and a place between the mode field converting element and the

optical waveguide, thus increasing the number of places where

connection loss occurs.

[0016] On the other hand, in a case in which an antireflection
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film is used to prevent reflection loss, the cost is high, and

the thickness of the antiref lection film must be controlled

with high accuracy.

[0017] The present invention has been made in consideration

of the foregoing respects, and aims to provide an end structure

of an optical fiber that can be easily machined and that can

bei connected to another optical component stably arid at high

efficiency and provide a manufacturing method thereof.

[0018]

[Means for Solving Themes] To solve the aforementioned problems,

the present invention is made such that an end face of a core

11 of an optical fiber 10 is situated inward from an end face

of a clad 13 of the optical fiber 10, and a shape of the end

face of the core 11 or a surface shape of a lens member 23

attached to the end face of the core 11 is formed in a convex

shape so as not to project from the end face of the clad 13.*

[0019] Additionally, the present invention is made such that

the diameter' of a core 31 of an end of an optical fiber 30 is

enlarged, and a lens, means 33 is attached directly to an end

face of the core 31 whose core diameter has been enlarged.

[002.0] Additionally, the present invention is made such that

a core 53 is exposed by a predetermined length by removing a

clad 55 of an end of an optical fiber 51, and resin 57 having
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a desired refractive index smaller than a refractive index of

the clad 55 is molded onto the periphery of the core 53 that

has been exposed.

[0021]

[Action] In the optical fiber 10 in which the end face of the

core 11 of the optical fiber 10 is situated inward from the

end face of the clad 13 of the optical fiber 10, and the shape

of the end face of the core 11 or the surface shape of the lens

member 23 attached to the end face of the core 11 is formed

in a convex shape, the lens effect of the end of the optical

fiber 10 makes it- possible to reduce the spot size of light

emitted from the optical fiber. 10 and to improve the coupling

efficiency with another optical component. Additionally,

since the end face of the core 11 is situated inward from the

end face of the clad 13, the end face of the core 11 is never

damaged and, since a contact area with another optical

component can be sufficiently taken, they can" be stably

connected and fixed together.

[0022] In the optical fiber 30 structured such that the diameter

of the end of the core 31 is enlarged, and the lens means 33

is attached directly to the end face of the core 31 whose core

diameter has been enlarged, its effective opening diameter is

enlarged by the enlarged part of the core, and an incidence
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opening diameter to the optical fiber 30 can be made greater

than the enlarged core diameter by the lens means 33 attached

thereto. Therefore, when this optical fiber 30 is connected

to another optical system, positioning is easily performed,

and the coupling efficiency is high. Additionally, this optical

fiber can assume a long focal length.

[0023] In the optical fiber 50 structured such that the core

53 is exposed by a predetermined length by removing the clad

55 of the end, and the resin 57 is molded onto the periphery

of the core 53 that has been exposed, a difference in the

refractive index between the core 53 and the resin 57 can be

made greater than a difference in the refractive index between

the core 53 and the clad 55. Therefore, the spot size of light

emitted from the optical fiber 50 can be reduced.

[0024]

[Preferred Embodiments] Embodiments of the present invention

will be hereinafter described in detail based on the drawings.

[0025] [First invention] Fig. 1 is a sectional side view that

shows the end structure of an optical fiber according to an

embodiment of the present invention. As shown in this figure,

the end face of a core 11 of this optical fiber 10 is not flush

with the end face of a clad 13, and the end face of the core

11 is situated inward from the end face of the clad.
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Additionally, the shape of the end face of this core 11 is formed

like a convex lens (spherically) .• What is needed to form this

structure is to etch the end face of the optical fiber 10.

<[0026] This structure makes it possible to stop down and reduce

a beam spot of light emitted from the end face of the core 11-

of the optical fiber 10.

[0027] Fig. 2 is a schematic sectional side view that shows

a connection structure formed when the end of the optical fiber

10 is connected to a core 17 of an optical waveguide provided

in an optical-waveguide board 15. As shown in this figure, .the

optical fiber 10 is bonded and fixed with an adhesive 19 so

that the optical axis of its core 11 coincides with the optical

axis of the optical-waveguide core 17.

[0028] Light that- has traveled through the core 11 of the

optical "fiber 10 is emitted from the end face of the core 11

so as to be condensed, and is made incident on the

optical-waveguide core 11.

[0029] As mentioned above, according to this embodiment, the

end face of the core 11 is formed like a convex lens, and

therefore the coupling efficiency between the optical-

waveguide core 17 and- the core 11 of the optical fiber 10 is

improved.

[0030] Additionally, since the end face of the core 11' is
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situated inward from the end face of the clad 13, only the end

face of the clad 13 of the optical fiber 10 comes in contact

with the optical-waveguide board 15 when this optical fiber

10 is connected to the optical-waveguide board 15 as shown in

Fig. 2. In other words, the end face of the core 11 does not

come in contact with the optical-waveguide core 17, and the

end face thereof is never damaged.

[0031] Additionally, since a contact surface of the optical

fiber 10 with the optical-waveguide board 15 is the entire end

face of the clad 13, a contact area thereof can be sufficiently

taken. Therefore, the contact surface can be reliably connected

and fixed and can be connected according to a conventional butt

joint method, and therefore connecting work becomes easy.

[0032] Furthermore, conventionally, a rounded-end fiber

exists as an optical fiber whose tip has a lens effect. However,

since the entire end face of this rounded-end fiber is shaped

like a cone or a taper, a contact area cannot be taken between

this end face and an optical-waveguide "core when they are

connected together. For this reason, there is a need to use

a guide member or a similar' member as an independent element.

Additionally, since a case may occur in which .the end face of

the core of the rounded-end fiber comes in contact directly

with the optical-waveguide core, it is necessary to pay
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•

attention, to the processing of the tip thereof. In contrast,

in the aforementioned embodiment, these problems can all be

solved as described above.

[0033] Fig. 3 is a sectional side view that shows an end

structure of an optical fiber according to another embodiment

of the present invention. That is, like the embodiment shown

in Fig. 1, embodiments shown in (a) to (c) of this figure are

each formed such that the end face of the core 11 is situated

inward from the end face of the clad 13, and the- end face of

the core 11 is shaped like a convex lens.

[0034] However, in the embodiment of (a) of this figure, the

central part of the end face of the core 11 is flush with the

end face of the clad 13. Likewise, in this case, the end face

of the core 11 does not protrude from the end face of the clad

13, and therefore an operational effect identical to that of

the embodiment shown in Fig. 1 is achieved.

[0035] In the embodiment shown in (b) of this figure, the shape

of the end face of the core 11 is formed to be not spherical

but aspherical. Even in this structure, an operational effect

identical to that of the embodiment shown in Fig. 1 is achieved.

That is, in the present invention, what is needed is to select

an appropriate shape for a connection with, for example, an

optical-waveguide core, regardless of whether the shape of the
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convex lens of the end of the core is formed to be spherical

or aspherical.

[0036] In .the embodiment shown in (c) of this figure, a hollow

part of the end face of the core 11 up to the end face of the

clad 13 is filled with resin 21. The material of this resin

21 is required to be transparent with respect to the wavelength

of light used.

[0037] In this embodiment, the beam diameter of light emitted

from the core' 11 can be changed by suitably selecting the

refractive index of this resin 21. That is, in order to reduce

the beam diameter, the refractive index of the resin 21 must

be made smaller than that of the core 11, and, in order to

increase the beam diameter, the refractive index of the resin

21 must be made greater than that of the core 11.

[0038] Fig.- 4 is' a sectional side view that shows an end

structure of an optical fiber according to still another

embodiment of the present invention. That is, in embodiments

of (a) and (b) of this figure, the end face of the core 11 is

shaped like a plane, and lens members 23 and 25 are attached

to its end face. The lens members 23 and 25 may be formed by

bonding hemispherical lenses to the end face of the core 11

or may be formed by attaching resin onto the end face of the

core 11 and hardening it so as to become hemispherical. Even
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in this embodiment, an operational effect identical to that

of the embodiment shown in Fig. 1 is achieved by causing the

surfaces of the lens members 23 and 25 not to protrude from

the end face of the clad 13.

[0039] Fig. 5 is a sectional side view that shows an end

structure of an optical fiber according to still another

embodiment of the present invention. That is, in embodiments

of (a) and (b) of this figure, the shape of the end face of

the core 11 is formed to be concave, and its surface is shaped

like a convex lens by attaching resin-made lens members 27 and

29 onto the end face of the core. 11.

[0040] [Second invention] Fig. 6 is a view that shows an end

structure of an optical fiber according to an embodiment of

the present invention, in which (a) is a sectional side view,

and (b) is a right side view. As shown in this figure, in this

embodiment, the diameter of a core 31 of an optical fiber 30

is increased at its end (which can be about five times as large

as an ordinary core diameter) , and a lattice-made lens means

33 that has a lens function, such as a Fresnel zone, is attached

to the end face of the optical fiber 30. Thereby, light that

has traveled through the core 31 of the optical fiber 30 is

narrowed at its end face. The best way of improving its

narrowing efficiency is to braze the lattice. The lens function,
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such as a focal length, can be adjusted by changing a lattice

pitch.

[0041] Fig. 7 is a view that shows another embodiment, in which

(a) is a sectional side view, and (b) is a right side view.

As in the embodiment shown in Fig. 6, in the embodiment shown

in this figure, the diameter of the core 37 is increased at

its end, and a lens means 39 is attached to the end face of

an optical fiber 35. It is to be noted that the lens means 39

in this embodiment is formed -by allowing resin made of a

permeable high-refractive-index material to adhere to the end

face of the optical fiber 35. The resin adhered thereto has

a spherical surfa.ce by its surface tension, thus having a lens

effect. Its curvature radius is determined according to the

viscosity and the amount of the resin. According to

circumstances, the surface of the resin may be ground.

[0042] Fig. 8 is a view that shows still another embodiment

of the present invention, in which (a) is a sectional side view,

and (b) is a right side view. As in the embodiment shown in

Fig. 6, in the embodiment shown in this figure, the diameter

of the core 43 is increased at its end, and a lens means 45

is attached to the end face of an optical fiber 41. However,

in this embodiment, a part (including at least the entire end

face of the core 43) of the end face of the optical fiber 41

-16-



is spherically etched, and this place is filled with resin made

of a permeable high-refractive-index material, thus disposing

the lens means 45. Lens characteristics in this case are

determined by the amount of etching of the core 43 and by the

curvature of the surface of the lens means 45.

[0043] The optical fibers 30/ 35, and 41 shown in Figs. 6, 7,

and 8 can form highly effective connecting parts by connecting

them to a source of a laser diode or a light emitting diode

or by being used 'for a connecting system (shown in Fig. 9

described later) through an optical element . First, the reason

is that the effective opening diameters of the optical fibers

30, 35, and 41 are increased by a core enlarging part, and,

second, the reason is that the incidence opening diameter to

the optical fiber is made greater by the lens means adhered

thereto than the increased core diameter. "

[0044] Fig. 9 is a schematic side view that shows a concrete

example of a case in which .an optical- element is inserted

somewhere in a transmission system of the optical fiber by use

of the optical fiber 35 (alternatively, the optical fiber 30

or 41) shown in Fig. 7. That is, two optical fibers 35 and 35

are disposed on both sides of an optical element 47 (e.g.,

optical isolator) so that their end faces can. face each other",

and the two optical fibers 35 and 35 and the optical element

-17-



47 are fixed together by a supporter 49. In this invention,

the core diameter of the end of the optical fiber 35 is increased,

and the' lens means 45 is provided, thereby making it possible

to assume a long focal length and to easily interpose the

optical element 47 between the two optical fibers 35 and 35.

[0045] Furthermore, although. the lens means 39 and 45 are

attached to the entire end faces of the optical fibers 35 and

41 in the embodiments shown in Fig. 7 and Fig. 8, the lens means

does not need to be attached to its entire face if they are

large enough to cover the core of the end of the optical fiber.

[0046] As mentioned above,- since the optical fibers 30, 35,

and 41 shown in Figs. 6, 7, and 8 can be formed only by attaching

the lens means onto the end face of the optical fiber, the

structure is simple, and they can be easily manufactured.

Additionally, each of them has a large incidence opening

diameter, and, when they are connected to other optical systems,

positioning is easily performed, and coupling efficiency is

high. Additionally, as mentioned above, the optical fibers 30,

35, and 41 according to the present invention can assume a long

focal length, and therefore an optical element can be easily

interposed between two optical fibers.

[0047] [Third invention] Fig. 10 is a view that shows an end

structure of an optical fiber according to an embodiment of
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the present invention, in which (a) is a sectional side view,

and (b) is a view that shows a refractive-index distribution

of an optical fiber shown in (a) of this figure.-

[0048] This optical fiber 51 is structured such that a clad

55 of the end of the optical fiber 51 is removed so as to expose

a core 53 by a predetermined length, .and resin 57 whose

refractive index is smaller than that of the clad 55 is molded

onto the periphery of the core 53 that has been exposed, and

its end face is ground together with the end face of the core

53. .

[0049] Herein, Fig. 11 is a view that shows a manufacturing

method of this optical fiber 51. In order to manufacture this

optical fiber 51, the optical fiber 51 shown in (a) of thrs

figure is first prepared. The core 53 "of this optical fiber

51 is made of pure quartz, and the clad 55 is made by adding

fluorine to quartz. The material composition of the clad 55

and the core 53 of this optical fiber 51 is not limited to this

embodiment. That is, what is needed is to form a material'

composition in which the clad 55 is greater than the core 53

in the amount of addition of a dopant.

[0050] Thereafter, the end of this optical fiber 51 is etched

by use of a glass etching solution (e.g. , HF solution) . Since
'

a dopant to lower a refractive index has been added to the clad
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55 of the optical fiber 51, the etching rate of the core 53

differs from that of the clad 55, and the clad 55 is etched

faster than the core 53. Therefore, as shown in (b) of this

figure, the core 53 is exposed at the end of the optical fiber-

51..

[0051] Thereafter, as shown in (c) of this figure, resin 57

whose refractive index is lower than that of the clad 55 is

molded onto the periphery of the exposed part of the core 53.

[0052] Thereafter, as shown in (d) of this figure, the end face

of the core 53 is ground together with the resin 57, and the

shape of the end face is adjusted. As a result, the optical

fiber 51 is structured as shown in Fig. 10.

[0053] Fig. 10(b) shows a refractive-index distribution among

the resin 57, the clad 55, and the core 53 of this optical fiber

51. As shown in this figure, a part where the resin 57 has been

molded is large in the- comparative refractive index difference

with respect to the core 53. This structure makes it possible

to reduce the spot size of light at the end of .the optical fiber

51.

[0054] That is, generally, a spot size Q)
0
of light that travels

through an optical fiber is expressed as follows:

(o0
= ,4(0.65 + 1.

6

5 + 2.879F"
6
)

V = 2m(nf -n\)xn IX
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wherein A is a core diameter, a is a. core radius, V is a

standardized frequency, nl is a core refractive index, and n2

is a clad refractive index. That is, the spot diameter of light

becomes smaller proportionately with a rise in difference

between the core refractive index and the clad refractive

index

.

[0055] Therefore, when this optical fiber 51 is connected to,

for example, an optical waveguide, the refractive index of the

resin 57 used in the optical fiber 51 should be selected to

obtain a desired spot size in accordance with the mode field

diameter of the optical waveguide . It is possible to make a

connection with high coupling efficiency by selecting the

refractive index of the resin 57 in this way. and by adjusting

its mode field diameter.

[0056] As mentioned above, according to this invention, the

spot size of an end of an optical fiber can be easily adjusted

without a complex. step like a microfabrication process. .

[0057] Fig. 12 is a view that shows another embodiment of the

present invention, in which (a) is a sectional side view, and

(b) is a view that shows a refractive-index distribution of

an optical fiber shown in (a) . This optical fiber 61 differs

from the optical fiber 51 shown in Fig. 10 only in the fact

that the length of an exposed part of a core 63 is longer, and,
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accordingly, the mold length of resin 67 is longer. As to

respects other than this, the optical fiber 61 is id<entical

to the optical fiber 51 shown in Fig. 10

[0058]

[Effects of the Invention] As described in detail above,

according to the end structure of the optical fiber according

to the present invention, the following superior effects, are

achieved.

® In an optical fiber in which the end face of a core of an

optical fiber is situated inward from the end face of a clad

of the optical fiber, and the shape of the end face of the core

or the surface shape of a lens member attached to the end face

of the core is formed in a convex shape, the spot size of light

emitted from the optical fiber can be reduced, and the coupling

efficiency with another optical component can be improved.

[0059] Additionally, since the end face of the core is. situated

inward from the end face of the clad in spite of the fact that

the end face of the core is structured to have a lens effect,

the end face of the core is never damaged, and, since a contact

area with another optical component can be sufficiently taken,

they can be stably connected and fixed together.

[0060] (2) In an optical fiber structured such that the core-

diameter of the end of the optical fiber is increased, and a
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lens means is attached directly to the end face of the core

whose core diameter has been increased, its structure is simple,

and it can be easily manufactured. Additionally, when this

optical fiber is connected to another optical system,

positioning is easily performed, and the coupling efficiency

is high. Additionally, since this optical fiber, can assume a

long focal length, an optical element can be easily interposed

between two optical fibers.

[0061] ® In an optical fiber structured such that a core is

exposed by a predetermined length by removing a clad of the

end of the optical fiber, and resin that has a desired

refractive index smaller than that of the clad is molded onto

the periphery of the core that has been exposed, the spot size

of light emitted from the optical fiber can be easily adjusted.

Additionally, a complex step like a microfabrication process

is not needed to manufacture this optical fiber.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[Fig. 1] A sectional side view that shows an end structure of

an optical fiber according to an embodiment of the first

invention.

[Fig. 2] A schematic sectional side view that shows a connection

structure formed when the end of an optical fiber 10 is

connected to an optical-waveguide core 17.
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[Fig. 3] A sectional side view that shows an end structure of

an optical fiber according to.another embodiment of the present

invention.

[Fig. 4] A sectional side view that shows an end. structure of

an optical fiber according to still another embodiment of the

present invention.

[Fig. 5] A sectional side view that shows an end .structure- of

an optical fiber according to still another embodiment of the

present invention.

[Fig. 6] A view that shows an end structure of an optical fiber

according to an embodiment of the second invention.

[Fig. 7] A view that shows another embodiment of the present

invention.

[Fig. 8] A view that shows still another embodiment of the

present invention.

[Fig. 9] A schematic side view that shows a concrete example

in a case in which an optical element is inserted somewhere

in a transmission system of an optical- fiber. shown in- Fig. 7

by use of the optical fiber 35.

[Fig. 10] A view that shows an end structure of an optical fiber

according to an embodiment of a third invention.

[Fig. 11] A view that shows a manufacturing method of an optical

fiber 51.
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[Fig. 12] A view that shows another embodiment of the present

invention.

[Description of Symbols]

10 Optical fiber.

11 Core

13 Clad •
_

'

23, 25, 27, 29 Lens member

30/35, 41 Optical fiber

31, 37, 43 Core

33, 39, 45 Lens means

51, 61 Optical fiber

53, 63 Core

55, 65 Clad

57, 67 Re-sin
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